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PHASE CHANGES

Subsiances can change from ons phasas 1o another. When they do, energy (usually heal) s gained
or lost. In this way, sobds tum 1o kquds and bquicds to gases when heal enengy 5 gained or absorbed.
‘When heat enengy is lost (given off) gases change to bquids and liquads change 1o solds. AT phase
changpes requing 4 gain or a loss of heat snergy. The ensngy change allows the particles o hive & new
arangemant, Shareby croating a now phass, Thess phase changes can only happan al cerain Rxed
temperatures lor each bype of subslance,

Changes in phase trom solid b0 kouid (malting) and from ligusd o gas (beding) require aeangy. Whaen
s kow mells and Bechmes & quid, ™e patcles of (he subslante move Manfer apan and hedd andigy o
ghined. When water Bodls, if 1orma sleam (8 gash. The changs from Iguid wabes 10 sledm (8 ghs) s &
chungs in phase &l regures the gaen of heal anegy. Thik energy Can De qainsd (1akaw ) Hom
mﬂ.ﬂﬂun;mpﬂuﬁﬁ%”ntdﬂmwﬂmim”rﬁhﬂhﬂnii?mﬂnhﬂh
cold becauss, when the alooshod changes from a liguid 1o a gas, i absorbs heat enengy fom your skin,
and the aicohol malecubes move lurther apart. This process i called svaporation. Evaporation takes
place whin Bguids turm 1o gases. Heal energy mus! be added bo the hiquid.

Phasa changes that raquine a loss in energy are condensation and reazing. When a bgusd bocomes a
soid (fhreare), haat energy is genecally st (gven off). Energy is also released when a gas becomes a
Bquid. Condernsalion happens when gases turn bo lquids. Heat energy is given off. The partaches skw
direm, @ @ Bgued forma. Waler vapdr i R air Condenses 16 larm ciouds. The dioglets of water seen on
they cuitiice of 8 pitcher ol cobd Trufl paice OOmse [rOm waler wapor in (he air. Waler vapad codts ancugh b
condarde ard collest oo b pitcher,

Ancilher type of phase change coours when a soiid changes dinectly info a gas. This is called
sublImation. It recuited & Giet in heal energy. "Dy o™ [30lk] Gat=n chome | niver Turnd 10 A Ik
Bidced i Durrs 10 & gas. Moth bals sobimate making thom ale bor ase mexd [0 Cothing in $100age Yunks
et closats

The accompanying graph shows the refabonship between lemperature and heal enengy during the
phase changes of wader. Study the graph and answer the questions,

1. Does ifw ternperaire increase during meking 7
2. I8 erprgy required o gach phase charge™ .
A, Can both liquid water and stearm exist al 100° C 7
4. Whal must be changed. lemperatunes or heal energy. dusing condensaton ?
%, Hiow would you describe tha change in the arangement ol the particles in e above disgram, as heat
energy and emperature increase?

E. What rube can you state about the relationship batwesn phase changes and fsmparaiune?

Between phase changes and heat energy ™



Pogil 2005 kinetic molecular theory answers. Kinetic molecular theory pogil answer key. What does the kinetic molecular theory explain (at least 3 things). 4 kinetic molecular theory. What are the 5 components of kinetic molecular theory.

Something went wrong. Wait a moment and try again. The requested URL was not found on this server. Additionally, a 404 Not Found error was encountered while trying to use an ErrorDocument to handle the request. Apache/2.4.41 (Ubuntu) Server at senaesteveslab.umassmed.edu Port 443 Standards addressed: California State Standards for
Chemistry 3. The conservation of atoms in chemical reactions leads to the principle of conservation of matter and the ability to calculate the mass of products and reactants. As a basis for understanding this concept: e. Students know how to calculate the masses of reactants and products in a chemical reaction from the mass of one of the reactants or
products and the relevant atomic masses. 4. The kinetic molecular theory describes the motion of atoms and molecules and explains the properties of gases. As a basis for understanding this concept: b Students know the random motion of molecules explains the diffusion of gases. 6. Solutions are homogenous mixtures of two or more substances. As a
basis for understanding this concept: b. Students know how to describe the dissolving process at the molecular level by using the concept of random molecular motion State the postulates of the kinetic-molecular theory Use this theory’s postulates to explain the gas laws The gas laws that we have seen to this point, as well as the ideal gas equation,
are empirical, that is, they have been derived from experimental observations. The mathematical forms of these laws closely describe the macroscopic behavior of most gases at pressures less than about 1 or 2 atm. Although the gas laws describe relationships that have been verified by many experiments, they do not tell us why gases follow these
relationships. The kinetic molecular theory (KMT) is a simple microscopic model that effectively explains the gas laws described in previous modules of this chapter. This theory is based on the following five postulates described here. (Note: The term “molecule” will be used to refer to the individual chemical species that compose the gas, although
some gases are composed of atomic species, for example, the noble gases.) Gases are composed of molecules that are in continuous motion, travelling in straight lines and changing direction only when they collide with other molecules or with the walls of a container. The molecules composing the gas are negligibly small compared to the distances
between them. The pressure exerted by a gas in a container results from collisions between the gas molecules and the container walls. Gas molecules exert no attractive or repulsive forces on each other or the container walls; therefore, their collisions are elastic (do not involve a loss of energy). The average kinetic energy of the gas molecules is
proportional to the kelvin temperature of the gas. The test of the KMT and its postulates is its ability to explain and describe the behavior of a gas. The various gas laws can be derived from the assumptions of the KMT, which have led chemists to believe that the assumptions of the theory accurately represent the properties of gas molecules. We will
first look at the individual gas laws (Boyle’s, Charles’s, Amontons’s, Avogadro’s, and Dalton’s laws) conceptually to see how the KMT explains them. Then, we will more carefully consider the relationships between molecular masses, speeds, and kinetic energies with temperature, and explain Graham'’s law. Recalling that gas pressure is exerted by
rapidly moving gas molecules and depends directly on the number of molecules hitting a unit area of the wall per unit of time, we see that the KMT conceptually explains the behavior of a gas as follows: Amontons’s law. If the temperature is increased, the average speed and kinetic energy of the gas molecules increase. If the volume is held constant,
the increased speed of the gas molecules results in more frequent and more forceful collisions with the walls of the container, therefore increasing the pressure (Figure 9.31). Charles’s law. If the temperature of a gas is increased, a constant pressure may be maintained only if the volume occupied by the gas increases. This will result in greater
average distances traveled by the molecules to reach the container walls, as well as increased wall surface area. These conditions will decrease the both the frequency of molecule-wall collisions and the number of collisions per unit area, the combined effects of which balance the effect of increased collision forces due to the greater kinetic energy at
the higher temperature. Boyle’s law. If the gas volume volume of a given amount of gas at a given temperature is decreased (that is, if the gas is compressed), the molecules will be exposed to a decreased container wall area. Collisions with the container wall will therefore occur more frequently and the pressure exerted by the gas will increase
(Figure 9.31). Avogadro’s law. At constant pressure and temperature, the frequency and force of molecule-wall collisions are constant. Under such conditions, increasing the number of gaseous molecules will require a proportional increase in the container volume in order to yield a decrease in the number of collisions per unit area to compensate for
the increased frequency of collisions (Figure 9.31). Dalton’s Law. Because of the large distances between them, the molecules of one gas in a mixture bombard the container walls with the same frequency whether other gases are present or not, and the total pressure of a gas mixture equals the sum of the (partial) pressures of the individual gases.
Figure 9.31 (a) When gas temperature increases, gas pressure increases due to increased force and frequency of molecular collisions. (b) When volume decreases, gas pressure increases due to increased frequency of molecular collisions. (c) When the amount of gas increases at a constant pressure, volume increases to yield a constant number of
collisions per unit wall area per unit time. The previous discussion showed that the KMT qualitatively explains the behaviors described by the various gas laws. The postulates of this theory may be applied in a more quantitative fashion to derive these individual laws. To do this, we must first look at speeds and kinetic energies of gas molecules, and
the temperature of a gas sample. In a gas sample, individual molecules have widely varying speeds; however, because of the vast number of molecules and collisions involved, the molecular speed distribution and average speed are constant. This molecular speed distribution is known as a Maxwell-Boltzmann distribution, and it depicts the relative
numbers of molecules in a bulk sample of gas that possesses a given speed (Figure 9.32). Figure 9.32 The molecular speed distribution for oxygen gas at 300 K is shown here. Very few molecules move at either very low or very high speeds. The number of molecules with intermediate speeds increases rapidly up to a maximum, which is the most
probable speed, then drops off rapidly. Note that the most probable speed, vp, is a little less than 400 m/s, while the root mean square speed, urms, is closer to 500 m/s. The kinetic energy (KE) of a particle of mass (m) and speed (u) is given by: KE=12mu2KE=12mu2 Expressing mass in kilograms and speed in meters per second will yield energy
values in units of joules (] = kg m2 s-2). To deal with a large number of gas molecules, we use averages for both speed and kinetic energy. In the KMT, the root mean square speed of a particle, urms, is defined as the square root of the average of the squares of the speeds with n = the number of particles: urms=u2"=ul2+u22+u32+u42+...
nurms=u2 =ul24+u22+u32+u42+...nThe average kinetic energy for a mole of particles, KEavg, is then equal to:KEavg=12Murms2KEavg=12Murms2where M is the molar mass expressed in units of kg/mol. The KEavg of a mole of gas molecules is also directly proportional to the temperature of the gas and may be described by the
equation:KEavg=32RTKEavg=32RT where R is the gas constant and T is the kelvin temperature. When used in this equation, the appropriate form of the gas constant is 8.314 J/mol-K (8.314 kg m2s-2mol-1K-1). These two separate equations for KEavg may be combined and rearranged to yield a relation between molecular speed and
temperature:12Murms2=32RT12Murms2=32RTurms=3RTMurms=3RTM Calculation of urmsCalculate the root-mean-square speed for a nitrogen molecule at 30 °C.Solution Convert the temperature into Kelvin: 30°C+273=303 K30°C+273=303 K Determine the molar mass of nitrogen in kilograms:28.0g1 molx1 kg1000g=0.028kg/mol28.0g1 molx1
kg1000g=0.028kg/mol Replace the variables and constants in the root-mean-square speed equation, replacing Joules with the equivalent kg m2s-2: urms=3(8.314]/mol K)(303 K)(0.028kg/mol)=2.70x105m2s—2=519m/surms=3(8.314]/mol K)(303 K)(0.028kg/mol)=2.70x105m2s—2=519m/sCheck Your LearningCalculate the root-mean-square speed
for a mole of oxygen molecules at -23 °C. If the temperature of a gas increases, its KEavg increases, more molecules have higher speeds and fewer molecules have lower speeds, and the distribution shifts toward higher speeds overall, that is, to the right. If temperature decreases, KEavg decreases, more molecules have lower speeds and fewer
molecules have higher speeds, and the distribution shifts toward lower speeds overall, that is, to the left. This behavior is illustrated for nitrogen gas in Figure 9.33. Figure 9.33 The molecular speed distribution for nitrogen gas (N2) shifts to the right and flattens as the temperature increases; it shifts to the left and heightens as the temperature
decreases. At a given temperature, all gases have the same KEavg for their molecules. Gases composed of lighter molecules have more high-speed particles and a higher urms, with a speed distribution that peaks at relatively higher speeds. Gases consisting of heavier molecules have more low-speed particles, a lower urms, and a speed distribution
that peaks at relatively lower speeds. This trend is demonstrated by the data for a series of noble gases shown in Figure 9.34. Figure 9.34 molecular speed is directly related to molecular mass. At a given temperature, lighter molecules move faster on average than heavier molecules. The gas simulator may be used to examine the effect of temperature
on molecular speeds. Examine the simulator’s “energy histograms” (molecular speed distributions) and “species information” (which gives average speed values) for molecules of different masses at various temperatures. According to Graham’s law, the molecules of a gas are in rapid motion and the molecules themselves are small. The average
distance between the molecules of a gas is large compared to the size of the molecules. As a consequence, gas molecules can move past each other easily and diffuse at relatively fast rates. The rate of effusion of a gas depends directly on the (average) speed of its molecules: effusion ratexurmseffusion ratexurms Using this relation, and the equation
relating molecular speed to mass, Graham’s law may be easily derived as shown here: urms=3RTMurms=3RTMM=3RTurms2=3RTu 2M=3RTurms2=3RTu 2effusion rate Aeffusion rate B=urmsAurmsB=3RTMA3RTMB=MBMAeffusion rate Aeffusion rate B=urmsAurmsB=3RTMA3RTMB=MBMAThe ratio of the rates of effusion is thus derived to be
inversely proportional to the ratio of the square roots of their masses. This is the same relation observed experimentally and expressed as Graham'’s law.
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